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CLAIMS 

1. In the fabrication of crystallized silicon films, a 
method for maintaining a planar surface as crystal grains are laterally 
grown, the method comprising: - 

forming a film of amorphous silicon with a surface and a 
plurality of areas; 

irradiating areas of the silicon film with a -first sequence of 
laser pulses; and 

in response to the first sequence of laser pulses, 
controlling the planarization of the silicon film surface as crystal 
grains are laterally grown. 

2. The method of claim 1 wherein irradiating areas of 
the silicon film with a first sequence of laser pulses includes 
irradiating with a sequence of pulses having a temporal separation 
between pulses. 

3. ' The method of claim 2 wherein irradiating with a 
sequence of pulses having, a temporal separation between pulses 
includes the temporal separation being in the range from 30 to 500 
nanoseconds (ns). 

4. The method of claim 2 wherein irradiating areas of 
the silicon film with a first sequence of laser pulses includes 
irradiating with a sequence of pulses having a pulse width and a 
pulse intensity. 
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5. The method of claim 4 wherein irradiating with a 
sequence of pulses having a pulse width includes irradiating with 
pulses having a pulse width in the range of 20 to 100 ns/as measured 
at their full- width-half- maximum. 

6. The method of claim 1 wherein irradiating areas of 
the silicon film with a first sequence of laser pulses includes 
irradiating with a laser having a beam width greater than 2.5 microns. 

7. The method of claim 1 wherein irradiating areas of 
the silicon film with a first sequence of laser pulses includes 
irradiating with a sequence of pulses having a first pulse with a first 
intensity and. a second pulse with a second intensity equal to the first 
intensity. 

8. The method of claim 1 'wherein irradiating areas of 
the silicon film with a first sequence of laser pulses includes 
irradiating with a sequence of pulses having a first pulse with a first 
intensity and a second pulse with a second intensity different than 
the first intensity. 

9. The method of claim 8 wherein irradiating with a 
sequence of pulses having a first pulse with a first intensity and a 
second pulse with a second intensity different than the first intensity 
includes the first intensity being greater than the second intensity. 
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10. The method of claim 9 wherein irradiating with a 
sequence of pulses having a first pulse with a first intensity and a 

• second pulse with a second intensity includes the second intensity 
5 being in the range of 0. 1 to 0.8 of the first intensity. 

1 1 . The method of claim 10 wherein irradiating with a 
sequence of pulses includes irradiating with a sequence of pulses 
having a first pulse width, as measured at their full-width-half- 

10 maximum, and a separation between pulses that is greater than the 
first pulse width. 

12. The method of claim 9 wherein irradiating with a 
. sequence of pulses having a first pulse with a first intensity and a 

15 second pulse with a second intensity includes the second intensity 
being in the range of 0.5 to 0.9 of the first intensity. 

.13. The method of claim 12 wherein irradiating with a 
sequence of pulses includes irradiating with a sequence of pulses 
20 having a first pulse width, as measured at their full-width-half- 

maximum, and a separation between pulses that is less than the first 
pulse width. 

14. The method of claim 6 wherein forming a film of 
25 amorphous silicon with a surface and a plurality of areas includes 
forming areas having a first length equal to the beam width; and 
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wherein controlling the planarization of the silicon film 
surface as the crystal grains are laterally grown includes laterally 
growing crystal grains by a length equal to approximately one-half the 
. first length. 

15. - The method of claim 1 wherein controlling, the 
planarization of the silicon film surface as the crystal grains are 
laterally grown includes controlling the silicon surface flatness within 
a range of 50 to 500 A. 

16. The method of claim 1 wherein controlling the 
planarization of the silicon film surface as the crystal grains are v 
laterally grown includes controlling the silicon surface flatness within 
a range of 50 to 200 A. 

. \ 17. The miethod of claim 1 wherein forming a film of 

amorphous silicon with a. surface and a plurality of areas includes 
forming a silicon film having a thickness in the range of 100 to 1000 

o 

A. 

18. The method of claim 1 wherein irradiating areas of 
-the silicon film with a first sequence of laser pulses includes 
irradiating with a laser wavelength of less than 550 nanometers. 
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19. In the fabrication of crystallized silicon films, a 
method for regulating the lateral growth of crystal grains, the method 
comprising: 

forming a film of amorphous silicon with a surface; 
irradiating the silicon film with a pulsed laser; and, 
forming each laser shot into a sequence of laser pulses to 
extend the lateral growth of crystal grains in the silicon film. 

20. The method of claim 19 wherein forming each laser 
shot into a sequence of laser pulses includes forming a sequence of 
pulses having a temporal separation between pulses. 

21. The method of claim 20 wherein forming each laser 
shot into a sequence of pulses having a temporal separation between 
pulses? includes the temporal separation being in the range from 30 to 
500 nanoseconds (ns). 

22. The method of claim 20 wherein forming each laser 
shot into a sequence of pulses having a temporal separation between 
pulses includes irradiating with a sequence of pulses having a pulse 
width. 

23. The method of claim 22 wherein irradiating with a 
sequence of pulses having a pulse width includes irradiating with 
pulses having a pulse width in the range of 20 to 100 ns, as measured 
at their full-width-half-maximum. 
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24. The method of claim 19 wherein irradiating the 
silicon film with a pulsed laser includes irradiating with a laser having 
a beam width greater than 2.5 microns. 

25. The method of claim 19 wherein forming each laser 
shot into a sequence of laser pulses includes forming, a sequence of 
pulses having a first pulse with a first intensity and a second pulse 
with a second intensity equal to the first intensity. 

26. The method of claim 19 wherein forming each laser 
shot into a sequence of laser pulses includes forming a sequence of 
pulses having a first pulse with a first intensity and a second pulse 
with a second intensity different than the first intensity. 



27. The method of claim 26 wherein forming each laser 
shot into a sequence of laser pulses having a first pulse with a first 
intensity and a second pulse with a second intensity different than 
the first intensity includes the first intensity being greater than the • 

20 second intensity. 

28. The method of claim 27 wherein forming each laser 
shot into a sequence of laser pulses includes irradiating with a 
sequence of pulses having the second intensity in the range of 0.1 to 

25 0.8 of the first intensity. 
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29. The method of claim 28 wherein forming each laser 
shot into a sequence of laser pulses includes irradiating with a 
sequence of pulses having a first pulse width, as measured at their 
full-width-half-maximum, and a separation between pulses that is 
greater than the first pulse width. 

30. . The method of claim 27 wherein forming each laser 
shot into a sequence of laser pulses includes irradiating with a 
sequence of pulses having the second intensity in the range of 0.5 to 
0.9 of the first intensity. 

31. The method of claim 30 wherein forming each laser 
shot into a sequence of laser, pulses includes irradiating with a 
sequence of pulses having a' first pulse width, as measured at their 
full-width-half-maximum, and a separation between pulses that is 
less than the first pulse width. 

32. The method of claim 19 wherein forming a film of 
amorphous silicon with a surface includes forming a silicon film 
having a thickness in the range of 100 to 1000 Angstroms (A). 

33. The method of claim 19 wherein irradiating the 
silicon film with a pulsed laser includes irradiating with a laser 
wavelength of less than 550 nanometers. 
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34. The method of claim 19 wherein irradiating the 
silicon film with a pulsed laser includes irradiating in steps* having a 
first length; and - 

wherein forming each laser shot into a sequence of laser 
pulses to extend the lateral growth of crystal grains in the silicon film 
includes laterally growing crystal grains by a length approximately 
equal to one-half the first length. 

35. In the fabrication of crystallized silicon films, a 
method for planarizing a surface as crystal grains are laterally grown, 

. the method comprising: 

forming a film of amorphous silicon with a surface and a 
plurality of areas; 

irradiating each area of the silicon film with a laser pulse 
sequence; and 

in response to a first pulse in the pulse sequence, 
laterally growing crystal grains in the silicon film; and, 

in response to a second pulse in the pulse sequence, 
planarizing the silicon film surface. 

36. The method of claim 35 wherein irradiating areas of 
the silicon film with a laser pulse' sequence includes the first and 
second pulses having a temporal separation. 

37. The method of claim 36 wherein irradiating with a 
laser pulse sequence having a temporal' separation includes the 
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temporal separation being in the range from 30 to 500 nanoseconds 
(ns). 

38. The method of claim 36 wherein irradiating each 
area of the silicon film with a laser pulse sequence includes forming a 
first pulse with a pulse width and forming a second pulse with a pulse 
.width. 

* 39. The method of claim 38 wherein irradiating each 
area of the silicon film with a la:ser pulse sequence includes the first 
and second pulses having a pulse width in the range of 20 to 100 ns, v 
as measured at their full- width-half-maximum. 

40. The method of claim 35 wherein irradiating each 
area of the silicon film with a laser pulse sequence includes 
irradiating with a laser having a beam width greater than 2.5 microns. 

41. The method of claim 36 wherein irradiating each 
area of the silicon film with a laser pulse sequence includes forming 
the first pulse with a first intensity and a second pulse with a second 
intensity different than the first intensity. 

42. The method of claim 4 1 wherein irradiating each 
area with a laser pulse sequence having a first pulse with a first 
intensity and a second pulse with a second intensity different than 
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the first intensity includes the first intensity being greater, than the 
second intensity. 

43. The method of claim 42 wherein irradiating each 

5 area with a laser pulse sequence includes the second intensity being 
in the range of 0. 1 to 0.8 of the first intensity. 

44. The method of claim 43 wherein irradiating each 
area with a laser pulse sequence includes irradiating with a sequence 

10 of pulses having a first pulse width, as measured at their full- width- 
half- maximum, and. a separation between pulses that is greater than 
the first pulse width/ 

45. The method of claim 42 wherein irradiating each 
15 area with a laser pulse sequence includes the second intensity being 

in the range of 0.5 to 0.9 of the first intensity. ' 

46. The method of claim 45 wherein irradiating each 
area with a laser pulse sequence includes irradiating with a sequence 

20 of pulses having a first pulse width, as measured at their full-width- 
half-maximum, and a separation between pulses that is less than the 
first pulse width. 

47. The method of claim 35 wherein forming a film of 
25 amorphous silicon with a surface and a plurality of areas includes 
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forming a silicon film having a thickness in the range of 100 to 1000 
Angstroms (A). 

. 48. The method of t claim 35 wherein irradiating with a 
5 laser pulse sequence includes irradiating with a laser wavelength of 
less than 550 nanometers. 

49. The method of claim 35 wherein planarizing the 
silicon film surface includes controlling the silicon surface flatness 

"10 within a range of 50 to 500 A. 

50. The method of claim 35 wherein planarizing the 
silicon film surface includes controlling the silicon surface flatness 
within a range of 50 to 200 A. 

51. A silicon film formed from a pulsed laser sequence 
crystallization process, the silicon film comprising: 

a silicon film having a plurality of irradiation areas 
including laterally grown grains of crystallized silicon; 
20 a plurality of temporary ridges formed in the center of 

each irradiation area of the silicon film; and 

a planar silicon film surface extending across the silicon 
film irradiation areas. 
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52. The silicon film of claim 51 wherein the temporary 
ridges formed in the center of each irradiation area of the silicon film 
have a height in the* range of 600 to 1000 A. 

5 53. The silicon film of claim 5 1 wherein the planar 

silicon film surface extending across the silicon film irradiation areas 
has a flatness in the range of 50 to 500 A. 

54. The silicon film of claim 51 wherein the planar 

10 silicon film surface extending across the silicon film irradiation areas 
. has a flatness in the range of 50 to 200 A. 

55. The silicon film of claim 51 wherein the silicon film 
has a< thickness in the range of 100 to 1000 A. 

15 

56. In the fabrication of crystallized silicon films, a 
method for planarizing a surface as crystal grains are laterally grown, 
the method comprising: . 

forming a film of amorphous silicon with a surface and a 
20 plurality of areas; ' 

irradiating an area of the silicon film with a first laser 

pulse; 

in response to the first laser pulse, melting the silicon 

film; 

25 waiting for the silicon film to solidify; 
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irradiating the area of the silicon film with a second laser 

pulse; and, 

in response to the second laser pulse, melting the silicon 

film surface. 

5 ; 

57. The method of claim 56 wherein waiting for the 
silicon film to solidify includes separating the first pulse from the ■ 
second pulse with a temporal separation in the range, from 30 to 500 
nanoseconds (ns). 

58. The method of claim 56 wherein irradiating with a 
first pulse and a second* pulse includes forming first and second 
pulses having & pulse width in the range of 20 to 100 ns, as measured 
at their full- width-half-maximum. - 

15 

59. The method of claim 56 wherein irradiating with a 
first pulse includes irradiating with a first pulse having a first 
intensity; and, 

wherein irradiating with a second pulse includes 
20 irradiating with a second pulse having a second intensity equal to the 
first intensity. 
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60. The method of claim 56 wherein irradiating with a 
first pulse includes irradiating with a first pulse having a first 
intensity; and, 
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wherein irradiating with a second pulse includes 
irradiating with a second pulse having a second intensity different 
than the first intensity. 

5 61. The method of claim 60 wherein irradiating with a 

' second pulse includes irradiating with a second pulse having a second 
intensity less than the first intensity. 

62. The method of claim 61 wherein irradiating with a 
10 second pulse includes irradiating with a second pulse having a second 

intensity in the range of 0. 1 to 0.8 of the first intensity. 

63. The method of claim 62 wherein irradiating with a 
first pulse and a second pulse includes' forming first and second 

15 pulses having a first pulse width, as measured at their full- width-half- 
maximum; and, . ; 

wherein waiting for the silicon film to solidify includes 
creating a separation between pulses that is greater than the first ; 
pulse width. 

20 

64. The method of claim 61 wherein irradiating with a 
second pulse includes irradiating with a second pulse having a second 
intensity in the range of 0.5 to 0.9 of the first intensity. 

25 65. The method of claim 64 wherein irradiating with a 

first pulse and a second pulse includes forming first and second 
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pulses having a first pulse width, as measured at their full-width-half- 
maximum; and, 

wherein waiting for the silicon film to solidify includes 
creating a separation .betw.een pulses that is less than the first pulse 
• 5 width. , 

66. The method of claim 56 wherein forming a film of 
amorphous silicon with a surface and a plurality of areas includes 
forming a silicon film having a thickness in the range of 100 to 1000 

10 A. 

67. The method of claim 56^ wherein irradiating with the 
first and second pulses includes irradiating with a laser wavelength of 
less than 550 nanometers. 

15 

68. The method of claim 56 wherein melting the silicon 
film surface in response to the second laser pulse includes controlling 
the silicon surface flatness within a range of 50 to 500 A. 

20 69. The method of claim 56 wherein melting the silicon 

film surface in response to the second laser pulse includes controlling 
the silicon surface flatness within a range of 50 to 200 A. 
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.70. The method of claim 56 wherein irradiating an area 
of the silicon film with a first laser pulse includes irradiating an area 
having a first length equal to the beam width; and, 
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wherein melting the silicon film in response to the first 
laser pulse includes laterally growing crystal grains by a length equal 
to approximately one-half the first length. 

5 71. A silicon film formed from a pulsed laser sequence 

*. crystallization process, the silicon film comprising: 

. a silicon film having a plurality of irradiation areas - 
including laterally grown grains of crystallized silicon; 

a plurality of temporary ridges formed in the center of 
10 each irradiation area of the silicon film; and • 

a plurality of permanent ridges formed in the center of 
each irradiation area of the silicon film. 

72. The silicon film of claim 71 wherein the temporary 
15 ridges formed in the center of each irradiation area of the silicon film * 

have a height in the range of 600 to 1000 A. 

73. The silicon film of claim 71 wherein the permanent 
ridges formed in the center of each irradiation area of the silicon film 

20 have a height in the range of 50 to 500 A. 

74. The silicon film of claim 71 wherein the permanent 
ridges formed in the. center of each irradiation area of the silicon film 
have a height in the range of 50 to 200 A. 

25 
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75. The silicon film of claim 71 wherein t±ie silicon film 
has a thickness in the range of 100 to 1000 A. 



